with its high neutron-detection efficiency permits an accurate determination of the neutron em:,fssion probabilities, recent measurements of which have ,, . 13 14 been made by groups at Berkeley and Los Alamos.
• A theoretical 14 study of these multiplicity distributions has been made by R. B. Leachman.
Apparatus
The nuclide to be investigated was mounted as a very thin sample upon a platinum foil, which served as the cathode in a 3-inch-diameter parallelplate fission chamber. The fission chamber was positioned at the center of the scintillator tank by a 3 -inch-diameter well along the axis o'f the tank.
The neutron detector is nearly identical to that built at Los Alam~s.
12

*
The tank is 30 inches long and 30 inches in diameter, w'ith 1/4-inch steel walls. The inside surfaces have been sprayed with molten aluminwn as a reflecting and protective coating. Although the reflectivity of aluminum is less than that of some other types of ~oatingsp it was sufficient for our purposes and has shown no tendency to deteriorate over long periods of ti;rne.
The scintillator consists of toluene 1 cadmium propionate, p-terphenyl, methanol, and alpha-NPO, and is mixed as described by Reines et al. 12 The
'cadmium-to-hydrogen atom ratio used is 0.0019, resulting in a mean capture time for the neutrons, after thermalization, of approximately 10 microseconds ( Fig. 1 ).
* The use of a loaded scintillator tank as an efficient neutron detector at this hiboratory was conceived by Dr. Walter E. Crandall for use on another project. In the early stages of its development, information was received about the Los Alamos tank and its design was utilized. .
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A fission-chamber discriminator plateau was obtained for each isotope except Pu 236 , and the discriminator bias was set so that all fissions and no alpha pile..up:pulses were observed. In all but 0.3 percent of the events the fis_sion pulse was acco~panied by a prompt tank_pulse. With Pu 236 , although the sample was so thin that a good discriminator plateau could in principle have been obtained, the activity was so low as to render this experimentally impractical. In this case the discriminator bias was set so low that some alpha pile-up pulses were observed, but these were readily distinguishable from the fission pulses by the lack of prompt tank pulse.
When a fission occurs the oscilloscope is triggered and the fission pulse is displayed at the beginning of the sweep. The tank pulses are delayed one microsecond and also displayed on the sweep. Both the fission pulse and the prompt tank pulse were required before any trace was counted as a fission event. This e1iminated any chance of mistaking pile-up alpha pulses for fission pulses (Fig. 3 ).
Californium-252 .was run periodica1ly as a calibration for every isotope investigated; this procedure reveals immediately any changes in the over -all efficiency of the apparatus. Experience has shown that after several months the cadmium salt begins to come out of solution, and since appreciable periods of time elapsed between the availability dates of the isotopes, this method of obtaining the relative tank efficiency was the most satisfactory . ~ one. In the recent runs the tank efficiency was actually a few percent -~ lower than in the earlier runs. Background pulses with the chamber fission in place were also recorded several times during each run by iandom trigger..:.
ing of the oscilloscope, using a rate generator. There are various reasons for the tank efficiency to _be less than 100 percent. Some of the neutrons escape from the tank without being captured.
Some are captured but give a capture gamma-ray pulse too small to be observed. Because the background counting rate increases rapidly as smaller pulses are accepted, a lower pulse-height limit was set, and this caused the We have considered the possibility that some of the pulses on a fission sweep were due to the decay of fission products with half lives of a few micro-244 seconds. To check on this possibility, we repeated the Cm run using a scintillator solution with no cadmium, and time and pulse-height distributions were measured for the tank pulses. The time distribution was consistent with an exponenti'al capture rate for neutrons in toluene. The pulse -height distribution showed the 2.2-Mev gamma ray from hydrogen capture, with a resolution of approximately 20 percent. We conclude from this that the effect of secondary fission products is negligible.
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Analysis of Data
The observed numbers of fissions giving Oi l, Z; . . • , pulses per sweep are given in Table I . Two corrections are made before the true multiplicity distribution is calculated.
(a) "Resolving tim.=.
11
Because of the exponential sweep the neutroncapture pulses are uniformly distributed di,stancewi~e along the sweep trace, so it is better to use the ''resolving distance" AL. The probability that two pulses fall within a cell AL long is
If n pulses are observed on a trace it is possible that there were n pulses, all of them resolvedi or that there were n + 1 pulses, two of which are not resolved. Higher -order corrections have been neglected. If F"(n) is the number of fissions observed y.rith n pulses per fissioni and F 8 (n) the corresponding number for l1L -= (};, then ... 
The number of background sweeps with two or more pulses was completely negligible. The background rates for the various isotopes are given in Table I .
If F(n) is the corrected multiplicity distribution, the true distribution P(v) is obtained from
.. approximation to the experimental points, but using the x test we have been unable to find any binomial distributions that fit the experimental results with more than a negligible probability.
The .theoretical emission probabilities calculated by R. B. Leachman 14 are in good agreement with the results given in Table II .
It should be pointed out that the discrepancy as reported earlier 13 between our preliminary value for v of C£ 252 based on Pu 240 and that of Cranell
Higgins 9 and Thompson 8 has been par.tially resolved. The Pu 240 source used in our preliminary work was rather thick, and about one-quarter of the fissions were lost by foil absorption. The error in the early value might be explained by assuming that the lower-energy fissions, which would be more easily lost by foil absorption, have a higher internal excitation and give off more neutrons than the high-energy fissions. Preliminary .work indicates that this is true. We are comparing the average number of neutrons and neutron
. multiplicities with the energy mode of fission using a "back-to-back" fission "~hamber. The remaining discrepancy may be due to the different methods of absolute calibration. ..
-. .
..
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Observed neutron multiplicity distributions from spontaneous fission and background pulses per sweep . .
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